RESEARCH
Splenectomy is a well-described procedure in children. As opposed to the adult literature, trauma is an uncommon indication for splenectomy in children. Frequently, failure of medical therapy to control the splenic sequelae of haematological disorders, e.g. splenomegaly, hypersplenism and massive infarction, necessitates splenectomy. [1] [2] [3] [4] Common examples of haematological disorders that necessitate splenectomy in children are hereditary spherocytosis (HS), sickle cell disease (SCD) and idiopathic thrombocytopaenic purpura (ITP). Although the pre-, peri-and postoperative management of paediatric patients undergoing elective and emergency splenectomy is well described within the international literature, there is a paucity of such literature in the South African (SA) context. [1, 4] The objective of our study was to describe the demographic profile, operative management and outcomes of children undergoing splenectomy in the largest academic paediatric surgical centres in South Africa between 2000 and 2015.
Methods
A retrospective record review of paediatric patients undergoing splenectomy at Chris Hani Baragwanath Academic Hospital (CHBAH) and Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) between 2000 and 2015 was conducted. Ethics approval was obtained from the University of the Witwatersrand Human Research Ethics Committee (ref. no. M160643). All patients between the ages of 0 and 16 years who underwent splenectomy were included in the study. All candidates for inclusion were identified by means of the splenectomy specimens submitted to the National Health Laboratory Services (NHLS) during the study period. Demographic data, data on pre-and postoperative medical management, surgical technique, postoperative complications and postoperative length of hospital stay were collected. Descriptive statistics were performed using Microsoft Excel. Analytical statistics were performed using Student's t-test and χ 2 test. Complete records were retrieved for 33 of the 41 eligible patients.
Results
A total of 41 splenectomies were performed on children between January 2000 and December 2015. Complete records were found for 33 of the patients; 48% (n=16/33) patients undergoing splenectomy were male, while 52% (n=17/33) were female. The mean age at surgery was 9.9 years (median 9; range 3 -16). The majority of the splenectomies (91%; n=30/3) were performed for haematological disorders and the remainder (9%; n=3/33) were performed due to malignancy or trauma. Table 1 describes the specific indications for surgery in our series; 67% (n=22/33) of splenectomies in our series were performed open, with 33% (n=11/33) performed laparoscopically. In a single case, laparoscopy was abandoned due to uncontrolled intra-abdominal haemorrhage. The mean postoperative hospital length of stay (LOS) was significantly shorter (p<0.05) in patients who underwent laparoscopic splenectomy (4.5 days) than in those who had open surgery (7.1 days). The median postoperative Background. Splenectomy is an uncommon procedure in children, and data on children who underwent splenectomy in South Africa are sparse. Objective. To describe the profile, operative management and outcomes of children undergoing splenectomy. Methods. The records for all children aged 0 to 16 years who underwent splenectomy at Charlotte Maxeke Johannesburg Academic (CMJAH) and Chris Hani Baragwanath Academic (CHBAH) hospitals between 2000 and 2015 were reviewed. Student's t-tests and χ 2 tests were used to analyse the data. Results. The mean age at surgery was 9.9 years (range 3-16). Most splenectomies (91%; n=30/33) were performed for haematological disorders and were open (67%; n=22/33). The mean post-operative length of stay (LOS) was shorter in the laparoscopic (4.5 days) than the open (7.1 days) groups (p<0.05). Surgical complications were more common in the laparoscopic (36%, 4/11) than open (9%; n=2/22) group, and in children older than the mean age at time of surgery. No cases of overwhelming post splenectomy infection (OPSI) were noted. At study completion, 61% (n=20/33) of patients were alive, 9% (n=3/33) had demised, and 30% (n=10/33) were lost to follow-up. Conclusion. Local indications for paediatric splenectomy mirror those found in international literature. Mean and median postoperative lengths of stay (LOS) were shorter in the laparoscopic than open group, but relatively longer for both groups than reported internationally. Laparoscopy is not currently the preferred technique for splenectomy in our setting. All mortalities were due to progression of underlying disease and no cases of OPSI were recorded. The high loss-to-follow-up rate in this study is a significant barrier to accurate data collection, analysis and reporting. At a two-year followup, 20 patients (61%) were alive, 3 (9%) had died, and 10 (30%) had been lost to follow-up. These data are summarised in Table 3 .
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Discussion
The role of the spleen has long been disputed. Splenomegaly was associated with poor health and poor athletic ability in the ancient Roman, Egyptian and Babylonian eras. [5] Hippocrates considered the spleen the seat of black cholera and melancholy. [5] It was this perception of splenomegaly as a source of physical and mental disability that led ancient physicians to seek out ways in which to remove the spleen or at least decrease its size. [5] The first recorded splenectomy in Western medicine occurred in 1549, but it was not until the 19th century that elective splenectomies for splenomegaly were regularly performed. [6] Due to advances in anatomical knowledge and surgical technique, splenectomy became increasingly feasible. Fortunately, this improvement in surgical capability was accompanied by the knowledge that splenectomy performed for the wrong indication often had disastrous consequences. [5] Currently, the most common indication for splenectomy in children is to treat the splenic effects of haematological conditions, e.g. hypersplenism, splenomegaly or splenic sequestration. [5] The first splenectomy for haematological disorders in children was performed in the early 20th century, more than 400 years after the first recorded splenectomy in adults. [5] Notwithstanding significant improvements in the post-operative haematological profiles of these patients, splenectomised patients were also found to be especially prone to immediate and late postoperative sepsis. By the 1970s, this phenomenon and the associated role of encapsulated bacteria, such as S. pneumoniae, H. influenzae type B and Neisseria meningitidis types A and C, had been labelled as overwhelming causes of postsplenectomy infection (OPSI). [7] OPSI is a devastating consequence of splenectomy in children, with mortality rates of up to 50% in high-risk groups, i.e. young children, those with haematological disease and with malignancy. [8] Although at highest risk within the first two years post-splenectomy, the risk of OPSI is lifelong. Appropriate pre-and postoperative management with vaccination, antibiotic prophylaxis and immediate management of suspected sepsis in splenectomised patients have enabled modern surgeons and physicians to safely perform splenectomies in children under the age of 4 in some centres. [7] The indications for splenectomy in our series were similar to those found in the international literature, with the majority of cases performed for haematological disorders (namely ITP and HS). In total, 39% (n=13/33) of all cases were for ITP and 36% (n=12/33) for HS. Although laparoscopy is now the standard surgical approach for splenectomy in children, only 33% (n=11/33) of cases were performed laparoscopically in our series. [4, 5, 9] In a single instance, open conversion was necessary due to excessive intra-abdominal haemorrhage. The high rate of open splenectomy in our series could possibly be due to the lack of appropriate equipment during the early years of the study, lack of the necessary laparoscopic skills, and the fact that patients who present with massive splenomegaly are not amenable to laparoscopy.
The complication rate for laparoscopic splenectomy in our series was 36% (n=4/11); 2 patients developed infected haematomas, 1 had a port-site hernia, and 1 required open conversion due to haemorrhage.
Both haematomas required open drainage and antibiotic treatment. The complication rate in our series of laparoscopic splenectomy contrasts with international rates of 1 -5%, [4, 5] and may be expected, given our relative inexperience with laparoscopic splenectomy in the early study period and the relatively low sample size. The complication rate for open splenectomy was 9% (n=2/22), with major complications accounting for 4.5% (n=1/22) and minor complications 4.5% (n=1/22) of the overall rate. The discrepancy in the complication rate for open splenectomy in our series and the rate of 1% reported in the international literature [4, 5] may again be due to the low sample size. Postoperative complications were more common in patients who were older than the mean age of 9.9 years (n=16) -25% (n=4/16) of them suffered a significant postoperative complication. The complication rate was only 6% (n=1/17) in the 17 patients who were younger than the mean age of 9.9 years at the time of surgery. This finding may be due to numerous factors including the severity of the underlying disease process at the time of surgery and may suggest that earlier splenectomy may decrease the complication rate in our setting. Further study with a prospective and larger sample size is required in order to examine this relationship.
The mean postoperative LOS was significantly lower in the laparoscopic group (4.5 days) compared with the open group (7.1 days) (p<0.05). Thus, our data reaffirm the conclusions of international literature with regards to the benefit of laparoscopic over open splenectomy in terms of postoperative LOS. [3, 4, [9] [10] [11] This said, the postoperative LOS in both the open and laparoscopic groups was considerably longer in our series relative to international studies in which postoperative LOS ranges from 1.4 -1.8 days for laparoscopic splenectomy and 2.5 -4.0 days for open splenectomy. [9, 10] In the local setting, access to quality healthcare is a significant RESEARCH concern and may prompt managing physicians to prolong hospital admission once patients are discharged from surgical care. This assertion is supported by the similar postoperative LOS for patients who experienced operative complications (mean 7.6 days) and those who did not (mean 6.2 days). The mortality rate in our series was 9% (n=3/33) at 2 years post splenectomy. All mortalities were due to progression of underlying diseases, with one death due to progression of metastatic papillary serous adenocarcinoma of the ovary, another to an intracerebral bleed secondary to ITP and the last due to the cardiac sequelae of systemic lupus erythematosus. No case of OPSI was recorded. Mortality data and the incidence of OPSI in our setting are difficult to compare with the international literature due to the short follow-up period and the high number of patients who were lost to follow-up.
Conclusion
Indications for splenectomy were similar locally to those noted internationally, with haematological disorders accounting for the majority of cases. Laparoscopy, the standard surgical approach internationally, trails open surgery as the technique of choice in our setting. Postoperative lengths of hospital stay and complication rates (for both open and laparoscopic techniques) are longer and higher in our setting. This may be influenced by the late presentation of our patients, a skills shortfall in laparoscopic surgery of the spleen, prolonged post-surgical admission due to patient difficulties in reaccessing appropriate quality care once discharged from a tertiary centre, and the low sample size. Although no patients experienced OPSI in our series, the short follow-up period and high rate of loss to follow-up limit our ability to infer long-term outcomes in our patients. Further inquiry may centre on long-term patient outcomes, possible changes in surgical technique, given the knowledge and skills acquired in the past 15 years, and a comparison between the various academic paediatric surgical centres in South Africa.
